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Abstract: The aim of this investigation was to determine, purify, and characterize an antibacterial substance produced by Serratia
marcescens Mm3 (Sm-Mm3) isolated from a common pest of hazelnut in Turkey, Melolontha melolontha, which is also a significant pest
all over the world. A highly active antibacterial substance produced by Sm-Mm3 was purified by ammonium sulfate precipitation and
high-performance liquid chromatography, respectively, and identified by spectrometric analysis (TOF-MS). Finally, we showed that
this molecule is heat-stable, stable in the pH range of 5–9, and insensitive to organic solvents and proteinase K. The molecular mass
was determined as 479 Da. Plasmid elimination demonstrated that the gene responsible for this antibacterial substance of the Sm-Mm3
strain is located on the plasmid. Based on the determined characteristics, the antibacterial substance was identified as a bacteriocin-like
substance. Although this active substance is similar to bacteriocin because of many features such as mode of action and physicochemical
properties, it differs by having a low molecular weight and by being insensitive to proteinase K. This active substance has potential to
control many different pathogenic bacteria in various areas, particularly in agriculture, against plant pathogenic bacteria.
Key words: Antibacterial substance, biological control, bacteriocin, hazelnut pest, Serratia marcescens

1. Introduction
Since the exploration of penicillin as a natural antibiotic
and its subsequent production on a massive scale, antibiotics have revolutionized approaches to human health (Bennett and Chung, 2001). They have been used in human
healthcare and in different fields such as the agricultural
industry and veterinary medicine. As a result of the widespread use of antibacterials, antibiotic-resistant pathogens
have been widely and continuously reported by the World
Health Organization (WHO, 2000). In addition, synthetic
chemicals that can negatively affect the environment and
human and animal health have been used as antimicrobials (Hodgson and Levi, 1996; Zwir-Ferenc and Biziuk,
2004). Therefore, researchers always aim to find safe alternatives, such as natural and environmentally friendly antimicrobials (Tronsmo and Hjeljord, 1998).
The need for novel antimicrobials to combat increasing
antibiotic resistance in pathogenic bacteria has stimulated
the exploration of nontraditional sources, such as terrestrial actinomycetes or fungi (Berdy, 2005). Marine organisms
have been a rich source of novel antibacterial compounds
(Zhang et al., 2005). Unfortunately, knowledge about antimicrobial substances of microorganisms isolated from
pests is very limited.
* Correspondence: zihni@ktu.edu.tr

Serratia is a genus of gram-negative, facultative
anaerobic, and rod-shaped bacteria of the family
Enterobacteriaceae. The most common species in the
genus, S. marcescens, is normally the only pathogen, and
usually causes nosocomial infections (Hejazi and Falkiner,
1997). The ability of S. marcescens to inhabit a wide variety
of ecological niches has been linked to its extracellular
products, including proteases, chitinases, nucleases,
lipases, wetting agents, bacteriocins, and the bright red
pigment 2-methyl-3-penthyl-6-methoxyprodigiosin or
prodigiosin (Matsuyama et al., 1995; Thomson et al.,
1997). In addition, the genus Serratia is able to produce
β-lactam antibiotic and 1-carbapen-2-em-3-carboxylic
acid (carbapenem; Car) (Williams and Quadri, 1980;
Parker et al., 1982). Furthermore, secondary metabolites
such as antibiotics and bacteriocins produced by the
genus Serratia are very important in various industrial
fields because of their antibacterial activities. Additionally,
several Serratia strains have the potential to control insect
pests (Sezen and Demirbag, 2006; Jeong et al., 2010) and
plant-pathogenic bacteria (Ordentlich et al., 1998).
In the current study, in order to determine a novel
antibacterial substance as an alternative to existing
antimicrobials, we characterized an antibacterial substance
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produced by S. marcescens Mm3 (Sm-Mm3) isolated from
Melolontha melolontha (Coleoptera: Scarabaeidae). This
substance has a wide antibacterial spectrum, active against
various species of gram-negative and gram-positive
bacteria, and is potentially useful for the control of these
pathogenic bacteria in different industries. Furthermore,
it is possible that the antibacterial substance produced by
the Sm-Mm3 strain, which has a high insecticidal activity,
could also be used in agriculture as a biological control
agent against phytopathogenic bacteria.
2. Materials and methods
2.1. Microbial strains and growth conditions
The antibacterial substance producer strain used in this
study is Sm-Mm3 isolated from Melolontha melolontha
(Coleoptera: Scarabaeidae), a serious hazelnut pest in the
Black Sea region of Turkey (Kati et al., 2007; Sezen et al.,
2007). The producer strain and indicator strain (Bacillus
thuringiensis subsp. thompsoni HD542) were maintained
at –80 ° C i n nutrient broth (NB) supplemented with 30%
glycerol. Working cultures were propagated in NB and nutrient agar (NA) at 30–37 °C for 16 or 18 h.
2.2. Detection of inhibitory spectrum
Production of an antibacterial substance by Sm-Mm3 was
detected in a previous study (Ugras et al., 2013). In this
study, the modified well diffusion method was used to detect the activity spectrum of the antibacterial substance
produced by the Sm-Mm3 strain as described earlier (Padilla et al., 1996; Chanda et al., 2013; Khan et al., 2013). Bacillus thuringiensis subsp. thompsoni HD542 was selected
as the indicator strain to use in the next steps because of
its high sensitivity.
2.3. Physicochemical characterization

To determine the effects of heat, pH, organic solvents,
and enzymes on the inhibitory activity of the antibacterial substance, the Sm-Mm3 strain was cultivated on NB
at 30 °C for 72 h. The culture was centrifuged (10,000 × g
for 15 min) and filtered using a membrane filter with 0.45
µm porosity; it is here called partially purified antibacterial substance (PPAS). The PPAS was exposed to different
temperatures from 30 to 100 °C for 30, 60, and 90 min; autoclaved at 121 °C for 20 min; cooled; and assayed for antibacterial activity. The sensitivity to different pH levels was
estimated by adjusting the pH of the PPAS sample to pH
2, 3, 4, 5, 6, 7, 8, 9, 10, and 11, and samples were assayed
for antibacterial activity against the indicator strain after
30 min of incubation at room temperature. Sensitivity to
organic solvents was determined by mixing the PPAS with
organic solvents at a final concentration of 5.0%, and samples were incubated at room temperature for 1 h. To test
the susceptibility of the substance to an enzyme, the PPAS
of the Sm-Mm3 strain was treated at 37 °C for 1 h with
proteinase K at a final concentration of 1 mg/mL (Franz et
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al., 1997; Tuncer, 2005). After the treatments, all obtained
samples were assayed for antibacterial activity (inhibition
zone diameter) against B. thuringiensis subsp. thompsoni
HD542 using the agar well diffusion assay (Padilla et al.,
1996; Chanda et al., 2013; Khan et al., 2013); untreated
samples were used as the control. The residual activity was
determined by the ratio of the inhibition zone diameter of
the untreated samples (control) with the treated samples.
2.4. Mode of action
The mode of action was assessed following the methods
of Gray et al. (2006). The indicator bacteria were grown
on NB until the OD600 of 0.35–0.40. The culture was then
diluted with sterilized medium to reach an OD600 of 0.27–
0.30. Cultures were split into 10-mL aliquots. Volumes of
0, 10, 100, 500, and 1000 µL of PPAS were added to the
cultures of the indicator bacteria. Results were confirmed
by measuring the cell density at OD600, and by calculating
the number of viable colony forming units log mL–1.
2.5. Purification of the antibacterial substance
The antibacterial substance from the active bacteria supernatant was purified by ammonium sulfate precipitation and
high-performance liquid chromatography (HPLC). First,
the purified substance was obtained, and then solid ammonium sulfate was added slowly to 85% and 50% saturation
at 4 °C with constant stirring overnight of the PPAS. Precipitated proteins were pelleted by centrifugation (10,000
× g for 30 min, 4 °C) and resuspended in dH2O. These
samples were then loaded onto an Agilent Zorbax 300 SBC18 column for HPLC (Agilent 1260, USA). Elution was
performed with 95%, 50%, 5%, and 95% acetonitrile as the
linear gradient (flow rate: 0.5 mL/min). After elution, the
absorbance was monitored at 280 ± 4 nm, and the fractions
were collected. These fractions were tested for antibacterial
activity against the indicator strain using agar well diffusion
to find the fraction containing the active molecule. At each
step of the purification, antibacterial activity was assayed
against Bacillus thuringiensis subsp. thompsoni HD542, selected as the indicator bacteria by agar well diffusion assay
(Padilla et al., 1996; Chanda et al., 2013; Khan et al., 2013).
2.6. Mass spectrometer
Electrospray time of the flight mass spectrometer,
ESI-TOF-MS (Agilent 6230, USA), was performed to
determine the accurate molecular mass of the HPLCpurified antibacterial substance at the Giresun University
Research Center. The spectrometer conditions were
adjusted as follows: capillary voltage, 3500 V; nebulizer
pressure, 20 psi; drying gas, 12.0 L/min; gas temperature,
350 °C; fragmentary voltage, 200 V.
2.7. Direct antibacterial activity by SDS-PAGE
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) was performed in vertical gels by standard
protocols using Tris-glycine buffer (Laemmli, 1970).
Duplicate samples of purified antibacterial substance and

UĞRAŞ et al. / Turk J Biol

molecular mass markers were subjected to 15% SDS-PAGE.
Molecular weight markers for peptides ranging from 10 to
225 kDa (Promega, USA) were used as a molecular marker
standard. Samples of the purified antibacterial substance
were run on a SDS-PAGE gel and compared to a protein
standard. After electrophoresis, the gel was sliced vertically.
The first part, consisting of samples of purified antibacterial
substance and protein standards, was stained with Coomassie
Brilliant Blue R-250. The other part of the gel was assayed for
direct detection of antibacterial substance activity according
to Cherif et al. (2001). This part was fixed (25% isopropanol,
10% acetic acid) for 30 min and washed with dH2O for 1–2
h. It was then placed into a prepared agar plate and overlaid
in a petri dish with 5 mL of soft NA medium containing the
indicator strain. The petri dish was incubated at 30 °C for 24
h and observed for the presence of an inhibition zone.
2.8. Plasmid curing
To determine the possible linkage of antibacterial
substance production with plasmid DNA or chromosomal
DNA, plasmid curing was conducted. It was performed
by protocols using ethidium bromide (Hardy, 1993).
The plasmid curing method was used with 2 mL of NB
containing increasing concentrations of ethidium bromide
(1, 3, 5, 10, 12, 20, 25, 50, 100, 250, and 500 µg/mL). The
Sm-Mm3 strain was inoculated in this NB containing
ethidium bromide and cultivated overnight. The bacteria
culture grown in the tube with the highest concentration
of ethidium bromide was selected. The bacteria culture
in the selected tube was diluted and inoculated on NA
medium. After the incubation, a single colony was selected
and investigated for antibacterial activity using the agar
spot assay and agar well diffusion assay against indicator
bacteria (Padilla et al., 1996).
3. Results
In a previous study, high antibacterial activity of Sm-Mm3
was determined against several indicator microorganisms
by well diffusion assay (Ugras et al., 2013). Results of
this study demonstrated that the antibacterial substance
was active against several bacteria, including Bacillus
thuringiensis strains, B. cereus, B. polymyxa, B. subtilis,
Enterobacter sp., Enterococcus faecalis, Erwinia amylovora,
Proteus mirabilis, Paucimonas lemoignei, Pseudomonas
fluorescens, P. syringae, Staphylococcus cohni, S. epidermidis,
and Xanthomonas axonopodis. Among these bacteria,
Bacillus thuringiensis subsp. thompsoni HD542 was chosen
as the indicator strain to use in the next steps because of its
high sensitivity to this substance (Ugras et al., 2013).
For physicochemical characterization of the
antibacterial substance obtained from Sm-Mm3, this
molecule was first partially purified from supernatant, and
then the effects of enzyme, heat, pH, and organic solvents
on the antibacterial substance’s activity were determined
(Table). The PPAS was found to be insensitive to proteinase

Table. The effects of temperature, organic solvents, pH, and
enzyme on the antibacterial substance produced by the Serratia
marcescens Mm3 (Sm-Mm3).
Duration
(min)

Residual activity
(%)

60

100

Acetone

60

100

Butanol

60

100

DMSO

60

100

H2O

60

100

Ethanol

60

100

Methanol

60

100

30

30

100

30

60

100

30

90

100

50

30

100

50

60

100

50

90

100

70

30

100

70

60

100

70

90

100

90

30

100

90

60

80

90

90

75

100

30

70

100

60

65

100

90

50

121

20

0

2

30

25

3

30

25

4

30

25

5

30

100

6

30

100

7

30

100

8

30

100

9

30

100

10

30

50

11

30

50

Treatment
Enzyme
Proteinase K
Organic solvents

Temperature (°C)

pH

179

UĞRAŞ et al. / Turk J Biol

K. Therefore, these data indicate that the inhibitory
substance is not proteinaceous in nature. The antibacterial
substance was found to be insensitive to organic solvents,
too. Inhibitory activity of the antibacterial substance was
unaffected at 90 °C for 30 min and 50% of activity still
remained after a heat treatment of 100 °C for 90 min, but
its activity was completely lost at 121 °C for 20 min (Table).
The antibacterial substance produced by the Sm-Mm3
strain was completely stable at pH 5, 6, 7, 8, and 9, and
50% of activity remained at pH 10 and 11, but the majority
of activity was lost at other pH values (Table).
The mode of action of the antibacterial substance was
determined for bacteriostatic effects by the decreasing
number of surviving cells (data not shown) and by the
decreasing concentration (OD600) of the indicator strain.
A long-term bacteriostatic effect was observed when PPAS
was added in higher amounts (1000 µL and 500 µL) and
a short-term bacteriostatic effect was also observed when
PPAS was added in a lower amount (100 µL), but when 10
µL of PPAS was added, there was no effect (Figure 1).
The antibacterial substance was purified of cell-free
culture supernatant of the Sm-Mm3 strain with ammonium sulfate precipitation and HPLC. Ammonium sulfate
precipitation of the active culture supernatant of Sm-Mm3
resulted in the highest yield (50%) in terms of antibacterial activity with agar well diffusion assay (Figure 2). The
purified samples were stored at 4 °C. The antibacterial
substance obtained with ammonium sulfate precipitation
was then loaded for HPLC. The eluted 25 peaks (fractions) were collected and tested for antibacterial activity
using the agar well diffusion assay. Antibacterial activity of
these fractions was determined using B. thuringiensis subsp. thompsoni HD542 as the indicator strain. One of the
fractions (fraction 23) showed antibacterial activity. The
HPLC chromatogram showed that fraction 23 was eluted
with 95% acetonitrile (Figure 3). The molecular weight of
the HPLC-purified active substance was determined as
479 Da with ESI-TOF-MS analysis (Figure 4).

OD600

3.5
3
2.5
2
1.5
1
0.5
0

0

2

4
6
Time (h)

8

24

Figure 1. The effect of antibacterial substance on the growth of
B. thuringiensis subsp. thompsoni HD542. ( • ): 10 µL, ( ● ): 100
µL, ( ▲ ): 500 µL, ( ■ ): 1000 µL partial purification bacteriocine
preparation (PPBP) was added to indicator bacterum (B. t. subsp.
thompsoni HD542) culture; and ( ▂ ): control includes only
indicator bacterium and no PPBP.
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1

2

4

3

Figure 2. Antibacterial activities of partially purified substance
concentrated with ammonium sulfate precipitation. 1: Control
(PPAS); 2: 50% saturation (the highest activity); 3: 85% saturation;
4: supernatant after the ammonium sulfate precipitation.

Tris-glycine SDS-PAGE was used for direct detection
of the antibacterial substance. According to the results of
the SDS-PAGE analysis, a clear band did not appear in
the CBB-stained gel because of its low molecular weight.
However, the gel used for direct detection of antibacterial
activity corresponded to less than 10 kDa, compared with
the standard protein in the CBB-stained gel; thus, this
antibacterial substance could be associated with very low
molecular mass, as shown with ESI-TOF-MS analysis
(Figure 5).
The bacteria culture grown in the tube including the
highest concentration of ethidium bromide was selected at
12 µg/mL. The bacteria culture in this tube was tested for
antibacterial activity. Finally, the plasmid-curing studies
showed that the gene responsible for the antibacterial
substance of the Sm-Mm3 strain is located on the plasmid.
Figure 6 indicates that the Sm-Mm3 strain lost antibacterial
activity after plasmid curing.
4. Discussion
Sm-Mm3 isolated from Melolontha melolontha (Coleoptera:
Scarabaeidae), a significant pest of hazelnut in the Black Sea
region of Turkey, has a very high insecticidal activity (Sezen
et al., 2007) and could be used to control harmful pests as
a biopesticide. It is also known that S. marcescens strains
produce a significant secondary metabolite as antibiotics
and/or bacteriocins that have antibacterial activity against
pathogenic bacteria (Ugras et al., 2013).
Since Sm-Mm3 has both high insecticidal activity
and high antibacterial activity (broad antibacterial
spectrum), it could be significantly used in agriculture. In
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2000
1500
Active Form
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7.830
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2.309 2.936
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1000

0
10

20

30

40

50

Figure 3. HPLC chromatogram of the purified antibacterial substance. The arrow
corresponds to the peak of antimicrobial substance eluted from a reverse-phase C18
HPLC column (34.059 min, 23 fractions). Red asterisk corresponds to the activity of
fraction 23 with agar well diffusion assay.

Active substance

Figure 4. ESI-TOF-MS chromatogram of the HPLC-purified antibacterial substance. The arrow corresponds to the peak of
antimicrobial substance produced by Sm-Mm3.

a previous study, we investigated the Sm-Mm3–produced
antibacterial substance (Ugras et al., 2013). Results
showed that the antibacterial substance produced by
strain Sm-Mm3 was obtained in the culture supernatant
using the well diffusion assay, and the antibacterial
activity of this substance was observed against several
bacteria, including B. thuringiensis strains, B. cereus, B.
polymyxa, B. subtilis, Enterobacter sp., E. faecalis, Proteus
mirabilis, Pseudomonas fluorescens, Staphylococcus cohni,
S. epidermidis, and various phytopathogenic bacteria
(Xanthomonas axonopodis, P. lemoignei, P. syringae, and
E. amylovora). Sezen and Demirbag (2001) determined an
antibacterial substance (bacteriocin) produced by Serratia
marcescens isolated from Balaninus nucum (Coleoptera).

That bacteriocin has an inhibitory activity against
Bacillus subtilis, Corynebacterium xerosis, Enterobacter
cloacea, E. coli, Proteus vulgaris, Klebsiella pneumonia,
Neisseria flavescens, Pseudomonas aeruginosa, Salmonella
typhimurium, and S. marcescens. Similarly, this active
molecule also has a broad antibacterial spectrum. However,
it has inhibitor activity against bacteria in different genera.
The production of the antibacterial substance of SmMm3 started at the early logarithmic phase in the growth
cycle as a primary metabolite, similar to bacteriocins
(Ugras et al., 2013). Furthermore, this antibacterial
substance is heat-stable and stable in the pH range of 5–9.
Many properties of the active substance produced by SmMm3 are similar to those of bacteriocins. Bacteriocins
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Molecular weight
A
(kDa)
225
150
100
75

B

50
35
25

15
10
Active
substance

Figure 5. SDS-PAGE analysis and direct detection of antibacterial activity. A) Lane 1, molecular weight marker
(Promega); Lane 2, antibacterial substance concentrated with ammonium sulfate precipitation (50%). B) Direct
detection of concentrated substance with ammonium sulfate precipitation using agar well diffusion on NA.

1

2

1

2

4

3

4

5
3

A

B

Figure 6. Antimicrobial activities of Sm-Mm3 after plasmid curing. A) Antibacterial
activities of the cured cells by agar spot assay: 1, 2, and 5 lost inhibitor activity, 4 did not
lose inhibitor activity, and 3 is the control (not cured cells). B) Antibacterial activities
of the cured cells by agar well diffusion assay after the agar spot assay: 1 lost activity
(supernatant of colony A1), 2 and 3 are controls (supernatants of colony A3), and 4 did
not lose inhibitor activity (supernatant of colony A4).

are proteinaceous molecules and are generally sensitive
to proteinase K (Gray et al., 2006; Chehimi et al., 2007).
However, the active substance produced by Sm-Mm3 is
insensitive to proteinase K.
This antibacterial substance was purified from the
supernatant of the Sm-Mm3 with ammonium sulfate
precipitation and HPLC. Its molecular weight was
determined as 479 Da by ESI-TOF-MS. According to the
results of SDS-PAGE analysis, the active molecule was not
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shown as a clear band because it has very low molecular
weight. However, the direct detection of antibacterial
activity showed a clear zone of inhibition against the
indicator cells corresponding with size smaller than 10
kDa when compared to the marker protein, indicating that
this antibacterial substance could be associated with very
low molecular mass.
Marcescin is a bacteriocin first purified from Serratia
marcescens (strain 82R) (Fuller and Horton, 1950). Later,
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it was found that different strains of S. marcescens produce
at least 2 different marcescins (Hamon and Peron, 1961;
Prinsloo, 1966). Bacteriocin L was subsequently isolated
and characterized from S. marcescens (Foulds and Shemin,
1969; Foulds, 1972).
Since the molecular weight of this antibacterial
substance from Sm-Mm3 is lower than bacteriocins and it
is not sensitive to proteinase K, it could be an antibacterial
substance similar to antibiotics, especially andrimid
(479 Da), recorded by Singh et al. (1997). Andrimid acts
as an acetyl-CoA carboxylase inhibitor (Freiberg et al.,
2004) and has a broad antibiotic spectrum (Singh et al.,
1997), showing inhibition of bacterial pathogens such as
Salmonella enteritidis, Bacillus cereus, Yersinia enterolitica,
Yersinia ruckeri, Vibrio harveyi, and Vibrio vulnificus. This
compound, a hybrid nonribosomal peptide-polypeptide
antibiotic, was later found in other microbial species
(Needham et al., 1994; Jin et al., 2006), including marine
vibrios (Oclarit et al., 1994; Long et al., 2005).
The origin of the antibacterial substance produced by
the Sm-Mm3 strain insect isolate is similar to andrimid.
Andrimid was first described to be an antibiotic of a
bacterium isolated from an insect (Fredenhagen et al.,
1987), like the Sm-Mm3 strain. Although our results show
high similarities between andrimid and the substance
produced by the Sm-Mm3 strain, since there are some
similarities to bacteriocin, more studies are needed to
identify this molecule in detail.

The plasmid elution method was performed to
determine the location of the gene encoding the
antibacterial substance of Sm-Mm3. The gene responsible
for the antibacterial substance of the Sm-Mm3 strain
is located on the plasmid, as the plasmid curing studies
indicated that the Sm-Mm3 strain lost its antibacterial
activity after plasmid curing.
This work presents a partially identified novel antibacterial substance produced by the Serratia marcescens Mm3
strain. The molecule has a broad spectrum and is stable
in extreme conditions. Additionally, our findings showed
that bacteria isolated from this pest are a source of antibacterial substances and may have potential for future natural
product development. This active molecule has potential
utility in different fields, such as biological control and various industries. This substance has both a low molecular
mass and a broad spectrum of inhibitory activity as a new
natural antibiotic. However, further studies are needed for
the molecular characterization and synthesis mechanism
of the purified active molecule.
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